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Abstract of JP 2001148510 (A) 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a nitride semiconductor light- emitting device, 
which is enhanced in luminous effrciency, prolonged in service 
life, and kept high in yield. SOLUTION: A nitride semiconductor 
light^emittmg device, which includes an In-containmg nitride 
semiconductor light-emitting Jayerand a nitride semiconductor 
layer formed on the light-emitting layer, is manufactured taking 
advantage of a vapor crystal growing method, and the growing 
method includes a step, in which a f^rst AlxGal-xN 
(0.05<~x&ft;=0.2) layer is grown on the light- emitting layer at 
the same temperature as with the light-emitting layer, and a 
second AixGa1-xN (05itt;=x<-0.3) layer is grown at a 
temperature T, that is higher than the growing temperature of the 
first AlxGa1-xN layer and within the temperature range 
8S0<=T<=100O deg.C. 



I 




Data supplied from the esp@cefter database — Worldwide 



http://v3,espacenet.com/pubiicatfonDetafls/biblio?adjaceiit=bxie&KC=A&d^ 2009/06/16 



(i9)H*ii#fFjT (jp) (12) ^ ^ ^ CA) iumwmm'jkmm^ 

#1^2001-148510 
(P2001-148510A) 

(43)4J^BBB ¥^13^5M29H(200L5.29) 



(51)Int.CL^ 

H 0 1 L 33/00 

C 3 0 B ^/38 

H 0 1 L 5:1/205 

HOIS 5/323 



F I 

H 0 1 L 33/00 

C 3 0 B 29/36 

H 0 1 L 21/205 

HOIS 5/323 



C 4 0 0 7 7 
D 5 F 0 4 T 
5 F 0 4 b 
5F0 7 3 









M^SoDScs OL (^10 M) 




**IH2000-177047(P2000-177047) 


(71)miiaA 


00000b049 












spf£124p 6 ^ 13 H (2000. 6. 13) 
















!|flB^ll-255277 




;^R;&:^IErppiirfl&jffK^lt!l»r22#22^ 


(32)g5feB 


¥^fill^p9^ 9 9(1999.9.9) 






(33)«5tefii^gH 


B* (J P) 












;*:IE)i*;felE*|Siirf&»KM»»r22#22^ -> 
















100064746 



















(54) fSflii|S|i|sgW*:|8?16^<D9iBft^rft 



(57) imm 

ICOA l,Gai.,N ( 0. 055x^0. 2 ) Ji^Bit* 

*^-:38 5 0°C^Tg 1 0 0 0°C(7)$EHl^O?aSTT-S^2 
COA 1 ,Gai_,,N ( Ogxg 0 . 3 ) ilSrfigftSHir'g.X 








!(2) 001-148510 (P2001-148510A) 



imM 1 ] In ^is-^^^mimi^mi^mtm t . 

±tcmi<7)A l^Gai.,N ( 0. OSSxSO. 2) M 

ffrlEIg 1 <?D A 1 „ G a 1 _ , N Jlcr)|5!c«iaJE J; 0 ft < 50-0 8 
5 0°C^Tg 10 0 0°C<5:>ffiiai^cDiSJKT-Cl|2<7)A 1 

,Gai.,N (OSxSO. 3 ) JiJjjg^§ii:-g>X7^ yT 

[if*«3 ] mrlBSB^BB!cS+»fB#rat (±3 0 s e c g 
tg6 00 s e ciO|EHrttcS)^.rt*»St^^M< 

Tyx^JtcftiJt^^is b i!imb^tm^m2tfzi±3 

imUcmSI Mia^li^A l,Gai-,NJl<7))l§di 
{il nm^di^5 0nm(/MmiZh^Zb^mm.b-t 

[if*Il6] mrlBlg2c^A l,Gai_,NJiOff§d2 
{i4 n mS d, S 9 9 n m<7)|EH|^tCfe|. i t SrWISt 

[11*317] miiei^lWA l,Gai_,NJl<7))¥§di 
i:l(rfeS2c7)A 1 ^Gai_^N;i£7)Ji:$ d^tiS nm^dj 
+ d2 £ 1 0 0 nmcOM^^M^-Ti b SWU^-T^H 

[it*3l8] Bfrieig2iOA l,Gal.,NJi{iMg;:)iK 
[0001] 

3tr^^-K (LED) , (LD) 
[0002] 

[M*OSIt] GaN, I nN, A 1 4?t{ii;fX^> 

com^^i,zitm^ti^mim^mmmmw^mcr)ji^^/\^ 



\> K ^> -y TSr* L . tf T- 1 I n G a N coi^^sUB 

Thic^)X\ mmM^i^yt^^t^rz>^<^^mi^b lt 

a g § f lT S . t^* . I n G a N |ga1,Jl ?r Mffl J?S;ftffi 
-ClS;:R§-li:-§.*ft-^, ^comMi:mm-t6fzi^iz5 0 0 
— 6 0 0°C<JOJtKWfl£V^te^B^*iaS*i«ffl$n.'rV'»;^ 

cor, ^3^5S«c^)ii^>i nGam^ihmLi)m^n^:b^ 

Sn/tB°nS<?) InGaNilSrSOO ^CgS«7)itKSmS 
Xlk^^^hZbi)^'^^\.Zts:'otz (AppI. Phys. Lett.. 
Vol.59 , 2251 (1991) #H^) , 

[00 03] t.fz. mkx-\%-mzmm^mw.Mmt 
^hzb i,zii->xmm<^pmm.m'\t^^^^mm^ 

*#:WfWI|J|§^X/t (Jpn. J. Appl. Phys., Vol.28, 
12112 (1989) ; Jpn. J. Appl. Phys., Vol.31. 1258 

(1992) mm.) . zKt^co^^^tifzWM^nmLxm 
m\L^fi. ^ h\>zm^i^-^^m^'zwm.mLnhm. 

im^^)y~^t)m'^-^iVC\-^^ (Jpn. J. Appl. Ph 
ys.,Vol.34, L1332 (1995) ; Jpn. J. Appl. Phys.,Vo 
1.35, L74 (1996) #HS) ^ 

[0004] mMmim^mw%itm^(^mmmt£- 
lasjiMocvDS; {^m^m^mi&Mm) **mlt 

[00 0 5] i^x^.c7)HSr#,^LT. t.-fXr-yr5 0 

1 r A TCm&m.A \ 1 0 0 °C 4 f-^iaS 
iX, XT--yr5 0 2t:i5t^T7K*#lfflm4'T-|S;i?'J-- 
y:?^S^X|.„ X7">yT5 0 3T'{±*Kaajg*-'5 5 0°C4 

-Zr^Vft^fiX . X-r 'y 7° 5 0 4 f-^^O^m^^'SS-ft^tL 
i^cfiCC, ;5^7^-/r5 0 5(ci3W>T*«4 l±(cjp§ 5 0 

r 5 0 6T{4*«?a«*U 0 5 O-'Ct-Ciff ^>^X. Xt^ 

■yT5 0 TtCiol^T S i nSaG a Na>':5' 

Mi4 3 7&MAimOJ¥SCfig*§-li:<^^XS„ X 
X -y T 5 0 8 T'£ffi^affi:^)-'8 0 0 °C{zy\f tytxX , XT' 
■y T 5 0 9 •C^<50?aS*^SS'ft§ nitf^tC , Xt" >y T 5 
1 OtioV^TS i K-7°§tLfc I no.4Gao.6N^3teJl 

4 4*W§2nmm;gr$-<i:4tL, -etLt:;ic<Xfyr 

5 1 lT-{4C:c0^il4 4<7)f^*6tO^^|5&±St LTM 
g K-T$ilfcpMA 1 o_ 2Gao.8NM4 5*^2 5 nm 
tfOff$mg$-ti:^>ixSo ^L-C, Xx-yTS 1 2T-a 
W&&f^\ 0 5 0°C4-C-±if Ji^it, Xt-vT5 1 3-C-ii 
MgH-r$n.JtpMGaNr7y^:;'Mi4 6>{)«0. 5 
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[0006] <rco J; a izf&M^'t ^i^fzmmiomim^ 

[0007] -^cOf*, x-/^> '^'t j; oT-i^^^mffl^ 

Mjg^'l4fl?ffi4 8i:pMmffi4 93&^«$fxS. -?-LT 
gate . ^ 'v r t'ij^OT LTStl!i^-;l' 

[0008] ^t3. Xf-^rS 1 0T'%31£Ji4 4^)iciR 

§•^i:i^^^^-C^ Xr-yrs 1 1 ■r-^^0^3til<7)Eg:*?a:Ki: 

^cn^mm^l-fh^mtK ^tM¥9 - 3 6 4 2 9 ICfc 
[0009] 

J: S L E D3g^ j3(t'S. j: d 1 1 n G a 

7fe;i4 4 ^fiScB^ss t III tfas-c«|5&ihffl«a;i 4 5 

tcj:'?Tf#'5>n^^a»iOLED«^ratc*5V^T%7eai:^ 
co{i'^>-:)#:d^:^#<. ^ai:^»*»'2mWC0LED*^i; 
0. 5mWOLED*^c7)^3fe-^N°^->'S:IISL/ih>r 
^ . ffitii^lt^ L E D iRi^iiBf gp 1 0Bg|5*%lii L^c^t^- 
S^>tC. fim:^3C0LED*^«i^ 
**®< . cfc 0 :5rffiai^*^c09 0%;&ia«f*-r<'tc 

LED 0 4 0 %^COffiV ^fittC'^i o T I 

i^Xi^><?)Pa1M(C«i. A 1 GaNfilil84 ba^m^ 

[0 0 10] Il6{i. MgF— T^tifcAlo.ieGa 

0.86 N jicojaSc«?aKtcfs#^ ^ M g ^^mimi^^mm 

tiA Ul^J:tx:^iO. 1 5cD%&^?i^LT^iiS*^, OS 
0 . 3(7)|E|ll|^T{iM gvS1t'ft;^(Jia6<50^''5 7 1 

[0011] ia6cOi/97(c j;tL{f . 7 5 0 "CcOJiic;^;^^ 
J^-etiMgiOvStt-ft^iii^O. 0 7 5%-C$)'9. 9 0 0°C 

{itafn-r.§>« ^LT, 8 5 o°cj,:i±coj:s;g?ajST-ivig K 

-TA 1 GaNffia«^Ji!c;SS-ti:a{i\ ^c^«MeiJ^#'l4 
{i}|fMU#.S.tiOi;^|.. t*»t. 8 5 o°cOT<?))i<;Ji 



?a«Tii:Mg<7)vg'|4^ti*3&i{i{i'0%fc^-?-r A 1 GaN 
frilil*>«fiKtC^-l. . ftH:^, I nGaN^3feiicO^:R 

6 5 0—800 'cx'h h . Lfzt^-o-c . m.^<^-n 

I n G a n%itm(D^-m^m. h |5l tiS^-C-M g K 
-TAl GaN^R»Ji*^fiKftS-lJ:ii>iX^<7)-C. ^iO^RH 

[0012] ^fz. vmrnm^-^WL^^^hi-d-zK i g 

aNjl4 5«i^<7)MB^Btt>&mi^0T-\ r^y^^VMA 6 

y^-^'hh I nGaN^;i4 4«^^:4-^ni/— fcit^M 
H^i^WSlLTiSOs ;ofB^4 4<7)5;^^A 1 Ga 
N SUM 4 5 *i'S(t*i v>-r- L 4 d . -f <7)fSllii 4 
5 coiSUtt j; D PflS * t $ if S i t (c o T V ^ . 
^oraatC^LTti. WiBT9 - 3 6 4 2 9 tcM^^n 
TV^|,J:3tC, I nGaN5BM4 4i7)^*f^TA 1 G 
a Nf*aii 4 5 c7)Ji!cS Hfric -ScDfe^fi!c*4'BrB§H^ia 
ft-l>ittJ;D, nGaN5l3Kii4 4<7)M 

4±<!0A 1 GaN^fe»Ji4 5cO*gH^Htti>^^'&^«{±«t« 

M*cOTa-feX-C-{±ffittJ14 4 iOl^.*Mb2r+:bHc{illl)e 

[0013] i?mmi. iLjik<nXoti:^^Wmzii\'rh 

[0014] 

^tmmmi^zm t?sffiT-^^±t:m i a i , g a i _ , 

N(0. 05SxS0. 2) S^Bit^S^-li:, ^<^mi(0 

A 1 ,Gai-,Nac73)55;ft?aSJ; *J»<^^-::)8 5 O'C^T 
g 1 0 0 0 "CCTymm^COiSLJS.TTm 2 <7J a l , G a i _ , N 
(OSxSO. 3) i■^)^S<;*§^i:I.X-r■yT^#^-C■V^ 

[0015] ^^i^ij. +^^=5r«^W#'l4j&^#'i>ix.g>^ 
2 t^A 1 G a NUMmcO&m^&t'C-m 1 C7) a 1 G a N 

1 n G a N fg^tJi ^ f*ii L , ^ izmmm 

vaCi>V^TMg<50vSffi<W<^ftV^|g2iOA 1 GaN^ftS 

xji. 0. 0 5^x^0. 2cr)mm^i,zh^zti}mt 

tL^. ^r€^r<i>H\ H 1 ffiUJltOA 1 ^I^Jtx^O^O . 0 

-C-J^I-o mU. x;6>0. 2j;0:^*i-^«-^t{i. 
1 «ae±t^;^S-li:'^*iSm2<S^i: 3 y^' ^' 
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Sdit, 1 nmSdiSS 0 nm<504ElllF^tfc-l.<rh}i)^' 

[0016] m2\m.mi,mhx\.±. a i jiiwrtx^io 

8 5 0°CSTS 10 0 O''C<50ffiHl^c?);©ffiTtCi3V>TJt 
<^A 1 ?lB^9J:bx:*i 0 . 3 j: D V^^^tcJi. TffiWt 

S3it^ti^ocDm-^izii'tcr,m2ummiz}3\^x^mizB: 
iSimtmtnt<7)it. s 5 0T;j,:iTo^ft?asT'{im2 

&mmti^»&mz^j:^:i}-^T$>i. mu. 1 0 0 o-ci 

Wtrajii^^t^v^*^. miiO^saSJi^oid'SrKia 

a T-w#-st3W >sr < T . m 1 umm^mizmat^^ 

m2fSMiiO;¥$ da t 4 nmSJdjgg 9 nmCOtSHl^ 

izh^ztmmt<. t/c^^-^T^i t^2«f*ttii 

CO-^fMJSdi +d2{i5 nmSd] +d2S 1 0 0 nmiO 
iSHF^ fcS) -g. .r ^: 4 L V ^ » 

[0017] ^itiioEStSfiSt |5] t&mTm 1 ffiiiJi 
-yx. ^^m±iz^-S:^^i^itimi tm2crMmm(r> 

ti<Xt I. „ i <^ i; $ . «SB^B^^*ifB#Pa t *i 3 0 s e c 

^t^eoosec coffiHrttcS) 0 . ;5)^':?iJ'-^r< b i^m 

mtfzury^-T^ ^t£)^-^mm^'^xt^^am.m^^ 
Ty^~Ti-^tsA'xmm9.f^x'm^^Mt:^m^-^i> 

ZtiZ^-yX, I uGaN^ytMc^Jl ntNCOmMiZi. 
i.S^^^.T-S.S. 4:^^, |gflitjSS4'llfB#PBl:{)i"3 0 s e c 
ti-+6¥XU^j:< . jttCcfllfE^PBl^^e 0 0 s e c j; i^^Rtt 

[0018] tJ[±<?) j; 5 tC. *l|HJ§tc j;ft{i\ I n G a 



^m-tl h f/'Xb I. , L T . t LX , 

@ 0 J; < ffif^-Ti. ^ ^ ^^-r-i= -g. „ 

[00 19] 

izxi, mmiij^mti^m^m^i^mm-^m^zii tt i. 

[0020] 02 tC^S;n.TC-^^ J; ^ ^Stt^frJl 

x^h. smTtmcommA^y-tLxit. tmg (hu;^ 

~fJl':^'V^.A) . TEG ( h iJX^;P;^?y ) ^ tM 
I {hV:><^)U^ yJ^M.) . TMA { h U s^^iUTfl- 

LT(±NH3 (ry^-T) ^mm-t^zbt^X' 

nMH--'N°>'htfOltj||:^'Xt tT{5S i H4 ( 
7>') imm-t^Zb-h^X^. pM^■-v^°>'^<7)fB13li;^' 
LTJiCpaMg ( i^^'a-^y^'i^'xf-;t'-7:/:^i^ 
'^A) t.fz\t:!^^}VCip-^Ms^mmth:ibifiX'^ 

[0 0 2 1 ] HI i:H2^#B§tT. t-f. T.^yTX 
0 1 T--9-:7 r A Tc mmm. 1 :^)vi<*3?:HlMtf 110 0 

°c(cjiiia§ti, xf--/n 0 2tcfci->-c^-c50^SK-caS:^' 
y > s til. . X 7" ■/ T 1 0 3 x\twmmjf 5 5 
o'ctcw ^>ti., x7"-yn 0 4-c^co?as*<^s-ft,s 

ivTzmz^ 0 5tCfcV^-C;¥$ 5 0 nmC7)A 1 

Ny vy7rJ12*^ig;R§-l^^.n.|., Xr-vTl 0 bX\i 
mWi^ifi\ 0 5 0°CtC±tf *i,tl.. X7"-yr 1 0 7tCi3 

[ 0 0 2 2 ] X-f 1 0 8T-i±SiK^K*'''8 0 0°CtC 
W^>tT.. Xx'yTl 0 9iCfcV^T^cO?ag*<^S^tS 

tiS. ^(?)^^gft,$iX7"c8 0 0°CiOTT\ X^-yTX 1 
0{CiiV>T/¥? 2 nmiDS i T I no.4Gao.6N^ 
3tJi4;0%*S^i:^>tl.. ^ixtCig<X7^>yTl 1 1 -C'M 
^^mmm'^b LT4 0#O^{±3K7U*<7)ilg«;i?'X 

Hg h Ns (Oig^35:HSltt'T-^3M 4 /(ji'T-- 'Jy^^tl 
-e<7)f^. |5lL:-8 0 0°C<7)TT\ InGaN5l^jl4 

omM,^m^'k.fz)h\,z:x^-/y\ 1 2tcav^T2 5 n 

m<7)]i:§ S ^r-t-Sie 1 ^OM g K-TpMA 1 0. 2 G ao. 8 
NS||K&±ii5*^'fig;^§-li:A.ti^. x-fvTl 1 3Tii 

9 0 orfex^M^^^'iff ^ti. ;^T-vr 1 1 4 1*3 

V^t 2 5 nm<7)g:SS:*-r'SIS2c7)Mg K— rpSGa 

[0023] XT--y7° 1 1 ^XHWBM'^tfi 1 0 5 O^C 
t-Xlifhtl. Xx>yTl 1 6ti>V>TJPS0. 5//m 
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[0024] ^com. m3com^m^j:Mmmi^z^^ii.x 

Ji-z^yycO^m^kMrnLX , S i K-TnMGaN 
i<7)X-y^>':?''tcJ:'5TffimL^cS i K-rnSG 

[00 2 5] viJccT)^ d tcmmcr)mm i i,zi.6^~mzjp. 
-yxmmizim^ tiTt l e d *^ t ia v*t . Jiil:^ri^<:^« 

J±3. 4Vi;«HK2 0mAi?)fflTO^HST^b"-i5'jfe« 

!{)i4 8 0 nmc7)»gfeT'S) D . ^3tem^J(±6 mWT*-^ 
/^Co Sf^, 5mA'^2 0mAcri^m\^cr>mjT\^Mifil,Z:h 
If^ b°-;^ig*i^ 7 bffiia« 1 n mi^XrX'h *3 . |5|— 

ji^^t^^ni^titimmco^^m'f-miziiiif^ 

cOtf^j-^J; « 5 n marX'h ->fz. ^i^l^Z. mSiXcO 2 
OmAcO)aiBi«T-x hti3(tS5Bfe*i^oiW&«i 1 0 

0 0 0B#rai'M±T-3^'5 3to 

[0026] ffi^r. 114 fcH 5 2r#fSLTfra§fL^^5t 

[*]<7)«i±3. 4Vi;mjjiE2 OmAtC*3V^T^3teai^J{i3 
mW-Cfe 0 , m-Jji^m^i 5 m A— 2 0 m A£05ffillF*I tfc 

m-^:c^^:^j-hnhiifzmm.cn^^mi'm^z}3{f:h\^- 

:^i^M<^)^W)KMI>t 1 0 nmX-ft t3 , S;S-Cc02 0 mA 
co^ji«-rX b tci3{t'i.*^*#{i 5 0 0 0 i^^Xh 

[0 0 2 7] itOj; ^^||5£c?)ff5^1 1 j;&|S|3c7)LE 
D «^ 1^5ftSffitC J: 114 60 L E D COit!R*> 

^ . mmmm i -riiibKe^ftiaio 900 ^cx-m 2 

#§:fi-C4^-;PtO?±AS!)*>i)ifty)'^ii. ic^M^h LT 
«^ S05l*m*;6>'gil#§il3t .1 fc tfihi}^^ . S ^> t . X 

X 'y n 1 1 tis nhm^B^s.^^mwm(^mmzi: hm 

1 ^fgB^ihii 5 c^m^mmm 900 rco^jfitjstt 

Sm2»,5&l55ihJ16 0lSllttK#OlSSt LT, ^T^Jl 

[0028] m^j-tmi. mm<7)mm 1 i l e on 

ffi:f3 2 f§ti , j; s b - ^ jgg ^- 7 b *n / 

5tC, |5I-'^iV^:^f)^A,^iA,^fc#*^P^^Ob-^'^fefic3D 
{? t jSn / 2 tC . ^ LT «^ «0»#(4fgl.:UitcS« 



[0029] {mmcomm2 ) ii7{±. ^^hhcd^mo 

mm2izx ^^ytm^^m^'d^mmmx^s ltv^i, . 
^ c7)«^(7)jiiiit(^ff;jij!ctci4, mmmm 1 ojs^t iii 

«<?0M O C V DffiSrffl I i t ;6^'T-i= „ 
[0030] t-r. nms i ca:K7 0 1 ^*^#Hm 

ffTi 1 0 o"az}5i^xm:^u-=~yyLtzmz^ mm 

5 5 OrtcTtf, J¥S4 0 nm£7)GaNyS-.y7r 
J17 0 2:6^)ig*§-it^>^X-g.„ -eLT, 1 0 5 

0°C*T'±(f!^ct*t::, ff§4//miOS 1 K-rnMGa 
N«7 0 3 5 0 nmfOS i K-TnMA 1 o. i G 

ao.9N^'5vb'Jl704 :iiiJliJj^tfig;S „ 

[003 1] mz. mws^mnfii o ortTtf ^>tL. 4 

Mailtos i K-rngy I no.65Gao.35N^3^7 0 
5*i)S^§-ti-<i>iX/^^f*iC, NH3#HM*T6 0 Og-fal 

g h'-r P SA 1 0. 2 G ao. 8 N^%|3&±il 7 0 6 *i|5| t 

7 0 o°CT■•|S;;R$^±^^^^^„ -^LT. sso'Ctxms. 

^ti^±ifhtl. 5 0 nmi7)j5§^:g-t-S^2<7)Mg K 
-TpMA 1 0. 1 Gao.gN^'^-/ HS7 0 7 j()^jS*S-ti 

ihti:h. S^>t, *KaaK*n 0 5 0°C4T'±(f ^>fL, 
ffSO. 5/imcOMgK— rpMGaN3y:?':?'bji7 
0 8/&^Ji!c^$-fr^>tLS. 

[0032] zcoi: 0 i^zhxmm^ixrz^ii^^mim. 

Sr-t-tf-^i^Nfi, S i cmU<nmMz nmMMl 
MM^fi, Mg K-rpMGaNrjy^^' hM7 0 8± 

(c{4pMS3ttt«ffi7 1 0 ^ pM«a7 1 1 ifmm^ti 

mUz. '>j.^N*#«^^-yT(c^fiJLT«jii^- 

;bF^fi^rV\ LEDfli^h LT^fK^-ti-J^ix-g), 

[00 33 ] i<7)j; 3 ts:mm.mm2(nmMz^':,x\% 

^5tLytLED*^-tCi3V>T{4. Jt^r[*]C^«ff4. OVh 
«ll2 0mAc7)a«tCi3VTiT^b'-^'iS*{i:5 7 0 n 
mc7)^feT-fe 0 , %7ttii:^Ji42mWT*'5 7^^. 1 
0 — 2 0 m Ac7)|li::^lp]mM<7)|EHl*It:i^(t-g. b-^jS^ 
tfOv->'h^H{i:5nmT*)'9, H— '>xy^*>^>^#^>^^7^: 
aatO*^PBltCi3tt^ b-^iS«iO^»ffiH{i: 1 0 nm 

xh-^fz^ $ i':^ (c , m^x<n 2 0mA (7j3iMafl:f-x b 

tfcftl.*^-0»^«i: 5 0 0 OBtHI^jLhT'fcoyto 
[0034] fl&:*r. |g2c7)A 1 GaNffimi? 0 7:6^'I 

n G a N %im 7 0 5 t |bI \^)^mmX'B^ ^fltzZ-h 

^mmmmmm.2<^m&}:.um.<^mA\,zi^'ox%t^ 

ixfcLED*-f-tCit3l,'iT{i:, )i:frl«]<7)mj±4 . OVtm 
»it2 0mACOti;T'Sl3tmSj{41mWT35 0. 10-2 

0mA <7))ii:^[*H;w£lEH(' i5 tt S b- js* MeH 

{42 0 nmT$)o;^c, n—(^i-^x,}\ii^t^'^tytLtz 
^iOlS^^tCfeft-^ b-^^«cO^|gH{43 0 nm 
Tfc 0 , #«^(7)^#{4 1 0 0 0 t^ra^T-fc O T^C « 
[00 3 5] ia±(7)*Sm:*^^> . 8 5 O'CTIS 2 <7)M g K 
-TA 1 G a Nffifiii 7 0 7 ^J^^Siil. .1 1 i "9 , 

mmw#tt3&^K»saTJ^-;K7)aA^^j&^i«*^^>nfc 
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[0036] mm-ttm. mm<7)mm2 i>zx -sled* 
[0037] immc^mms ) asji:. *?&bj<7)^)I6c7) 

[0 0 38] i-r, nMS i CS«8 0 1 1 1 0 0°C 
5 5 0°CtCTtf . 3 0 n mi7)A 1 G a N^S'^y 7 r JI 

8 0 2t)^m.^^^ ^tih o J^ct::. 1 0 5 or. 

*T-±{fT. ff§4/^m<7)S i K-TnMGaNB8 0 
3tffS0. SAtmiOS i H-TnMA 1 0. 1 Gao.gN 
b'ig8 04. i3j;t>'J¥§ 5 0 nmCOS i H-7°G 

[0039] mm:^m.tn 5 o°ctT(f^>tt. 7 

0 nmtoy y ^•— 7° I no. 1 G ao. 9 NA'U Tiii:T'MlIB 
1:3 ( 3-QCO^^JBi: 2':3cr)V<UrJi$:#tf) C0#fia 

f^mm^b Lx . mtm b^^u rmc^^mki^z^ti^'ti 

3 0#i: 1 5 O^pc^MrSfSfNHs b NaCOUHMtcSii 
-et^f*. 5 0 nm<7)JI§Sr^-rSmi<7)Mg ^•— T 
pMA 1 0. 2 G ao. 8 NcOM^K±ii8 0 7 ^M^Siir^j 

ti^. ^Lx. iooo'ctx'mmm-^^±if^ti. 5 

0 nmCO/JSSr*-rSSg2S0Mg F-TGaNWlSaS 
FJi8 0 8*i^^$-li:f>tLS, 

[0040] ^com. ms.i^mti^ 105 ot::iT'±{f ^> 

tl. B§ 0 . 5/.<mOMg K— TpMA 1 q. i Gao.gN 
^'y-y Vm80 9, i3i.X/W^0 . SAtmOMg^'— T 
pSGaN^y^':?' hJl8 1 OmmZf^^^M^fl^i,. 
^com. nMS i C*K8 0 lc7)Kffi3&iXvf-y:?"W* 
^cOSH±tCnSamffi8 1 l*i^*§fx^i:i:i. 
fc. pMGaN3yi?i? bSS 1 0±.tpM®3fett«ffi 
8 1 2 i:pMmffi8 1 3ti^mm^ fl6, Mmz^ 
COmmiZX-^X^-S 1 mm<7)dtig^^#ty^.yrtC4J-SlJ 

•tiz bizx-yxmmc^-LDm^tim^fti . 
[0041] mmmmsizm-yxmrnizji^m^tifzi^ 

D«-?{±5 OmA«OL#V^flt«0i[Sr*L. jft:R4 7 0 n 

mcoyt^mi&xm^^mi-h zbt/x^ , s^t^iotts 

tH^Jfi: 1 . 5 mWT* -5 T . 5 0 U^ralT-* -5 

J'C. IBt!)fl:?l5 0 — 1 0 0mA(Ci3(t'S^Jijfe^(7)i^7 



[0042] ftfi^r. |g2iOAl GaN«^8 0 Sy^jifS 

3tJi8 0 6 bmt-&mx-mR^^'^->tLtzzb ^mmm 
mmmscommb mmc^Mmi^z^^ximmb lxco 
LDm^tpim^ii.ti. zcoimmbLxcrtLDm^^z 
fcv^Tii. L^\>mmm^8 0mAx^,'o. mi^m^it 
2 7 mmxh 0 . ^ LxmwM^i 5 o-- 1 o o mAcom 
mfuzinf^mm^^coiL'-^ yy hits nmxh-o 

[0043] zcox 0 ^xmtmmms bjmmb (^tm 

t)^i^. m2(r)A 1 GaNf*a/l8 0 8 t fC 1 0 0 O'C 

<r>]mmmwcM § Y-ro a ^m^wmLfz^ib tea: 

^mmnb titzm^ bLx. «^ ^o^^tm :^ ^ 

^m.m.TftP<r>^^^ui^~cmmi<Z{^-oXA l GaNS 
ilJi 8 0 7 , 8 0 8 tfOSSs^attiOHiJ*^ hfzt:>L. ^^OM 

tT^3tJi8 0 6 ^zn^i,u.m.mcowmmhm-\\: 
T . mmmm3izx ->x l ofg^coiEUimMcoeM* 

[0044] ( mmc^MMA ) II 9 fi . :^%m^miKCO 

mm 4 J; ^T^^i^ ^ m^mt^ mmmx^^ Lxv^h. 
z cDm^(^mmmc^mf&izi, . mmmm i t isi 

mcr>MOCVDmim^^&zbti^X't'^. 

[004 5] a,-r, -tf 7T-f r*S9 o i t:7\<mnm% 
45T-1 1 0 o'azm-^xm^u-~y^^Lfzmiz^ 

yaSSr 5 5 0°CtcTff\ l¥S 5 0 nmcOA 1 N^s^y^r 
m9 0 2t>mM:^itktlh. ^LT. ^ia^Srl 0 5 
0''Ci-C-±tf/lfS:tCl?S4//mC0S i rnMGaN 
ii9 0 3*iJ^^$-fr^.iX.g.. 

[0046] aflK?ajg*i8 0 o-azrifi^ti. m 

§ 2 nmcOS i b'— 7° I Hq. 05 G ao. 95 No. 97 A s o. 03 
^^m9 0 4ti^!^M:^it^tLfzmi<Z^ NHgfcNsCOUH 
M'+'T-e Of>HKMStl.|,. -e^Of*. lOnmcOffS^ 
*-rS®lC0MgH-TpSA 1 0. i5Gao.85N^56l?& 
ihJi9 0 5*^', |B]t8 0 Or.T-Ji!<;^$-li:A>ix-g>, 
X. 9 5 0'C4T-SS?aKS:#'±ff^>il. 2 5 nm(7)JJ 
$&^rt-SI|2<7)Mg K— TpMGaNp,^KihJi9 0 

6*»'^«§-iJr^>n.^„ mtmamtin o 5 o°cs 

T-±{f^>fL, J?§0. 5;wmc7)Mg K— 7°paGaNn 
y^i? hii9 0 7*iji!(;;ir§^i:4tL^. 
[0047] i 0 tcLT?^Jt$^X/s¥^#:^Jllt3g 

* -irtf ^ X ^Nfi, ||M(?iJ 1 tfO*S^ t [5l«tc , ythOV 
"fyy -i b F7"f x.y^>'^-o^}£5rfMLT. S i K 
— TnMGaNrJ>-^':?' b;i9 0 3 tO— gP*>Sttli-t'l> 4 
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S i K— TnMGaNny^'j? bag 0 30^BtCnM 
VMO 0 atmrn^tl. Ms F-rpMGaNny^:? 
bii90 7±mpMji3Ktt«ffi9 09tpS«ffi9 1 

[0 048] ^CDJ:d^j:mW.mM4<r)mmizJ:':,xm 
0mA<7)a«m^T'5&3tet-^'jS**M 7 0 nm<?)»fe 

0 mA<7)iEiiii*i<7))ii-jrfS]«fiit'fc(t.s h°-^ig*<7);^ 7 
X b t: jti(t.&^7t*i^<?)*#{±, 18 0 0 0 mmi;j.±.T 

[0049] fi^r. mtmi}^ I n G a NfffMSn.^^ 

ED*TtCi3V>T<S. JItr[6]l:ff3. 4Vi:«Jl20m 
ACOTT-^ai::f]3&*2. 5mWt'feOs 5 — 2 0mAcO 

)ii^r[ti«-ittgliini3ft§ e-:J'ig^Scoi/7 MSHJi i n 

m^^mf^zanh t°-^^«co^teH(j 5 n mTh 0 . 

«^(7)»^{i 1 0 0 0 ommx-h-^fz^ 
[0050] ;coid ^j:mmmm4 1 tmmtcotm 

t^^. mUmH nGaNAsrj)?Jj!<;-ri>i^;t3J:*9. 
m'^(7iWt\ii:hbm^iphi:,iz^m^ixX^-^^^hti^i> 

^xfcitA s -cmmth i 3 (c . if s L < «i 0 . 0 0 1 

SxSO. 2<^m.m^-Qm.A^^^^h\Zi.^. InG 
aN^3tS^:Ji:KLT|slt^3tjS^^^IS;^*c7)I nO 

J: o T , fe^HJicSttillf I n (7)m^iz X h m¥n<n'4^\'C 

^WWh Zb:b^X'^. Ig 1 A 1 G a Nffilia 9 0 5 
i:l|2tOGaNffiiIji9 0 6 {Ti^Blr'S^ B5#$fL^ , 
[00 5 1 ] iiOSSStCi-^T. ^liOA 1 Ga 

Nffiaa 9 0 5 coffiM«tg* hi>mm^i!bx i> . 

9 0 4 izmmi^ tl.;t=3:<^2 coffiif JisSc«?fiJK4 
T-#?jBLf#.g.J;^tC^:-l.„ -T^Sr^b^j, I nGaNAsfe 
^(:omMI^Z'j^^X'S>h:^MMff3^'&.<^^hmi(7^A 1 G 
a N«a« 9 0 5 § i: A 1 M^sit^mK -th^t 
X"^ , m 1 t^A 1 G a N^aii 9 0 5 i^±fJl^ffl<7)M*H 

CD J: 0 ^^ffilHiDttc i U Z t t^X' 

>f)^-:>||2f*iIJl9 0 6i:3>'^'^5'b/l9 0 7^tf0^ 

-^T, ^iFSomi4ici3ttl.^*^<:0^m:^i:»^ 



[00 52] mm-ttn-i. %mmmA t i i> i n g a 

NAs^3l£iSSr-^tjLEDI|^lCi3l^T{i:. I nGaN 

^Ttii^-irt^LEDiR^t-ib^T, 4fei.Xh 

o # >{)i-*ti 1 / 2 , ^ LT . 1 . 8 m&.}Ll,z 

^m^Khhbuz. m^mRi^3. AYt^i^s. iv 

A s t)nftX^fifzm^>,z':>\ -^xmrn^tLtzt^ . zc7) as 

t l«I«^rlg^J:W<7)iEHl*I?-A s cr,ilh 0 icfSMOP Sr 

[00 53] immmmsymioii. ^wM(nmm 

mm 5izJ:h ^mstW^HrfflllT* LT v ^ 

z<^m^<^mmM<^mmzi, . mmmm\<^^ 

t |BI«tO M O C V D S ffl V> S i t ;<)i-C- g= . 
[00 54] t.-r. nMGaNSSl 0 0 1 2:7lc|gtT 
^T<?)rf^l¥Hatt3T'' 1 1 0 O'CCtiV^-CIKi^' U- 
-:/^^L/::f*tc, 5 5 o-c(cTff , 1¥§4 5 

nmC^GaNys'.y y-riil 0 0 2*i^S^-li:^tLS« ^ 
t-C. Wmm.^ 1 0 5 0°CiT'±(f/cf*tC, 0 . 
5x<m<7)S i K-TnMGaNJIl 0 0 3*iJj!c*S-ti:^> 

[00 5 5 ] mz. mws&m^Q o o°c(cTtf ^n. s 

$ 2 nmOS i F-TI no. 35 G ao. esN^&^Jl 1 0 0 

tfOM g H-rpSA 1 0. 1 G ao. 9 ^<iWM^]tm 10 0 5 
*\ |5]tS0 0°CT-Jj!c*§-ti:'?>^1.-l.» -etT. 9 0 0'C 
*T'»«jaS^*^'±{f^>tl.. 2 5nmC0JJS^^r-ri.|^ 
2cDMg F-7°pSGaNS^KihJll 0 0 btf^^^ 

^htih. ^h\>z^ mmELm.tin o 5o^c^-c-±(f<^ 

iX. jSSO. 5jttmcOMg K— TpMGaNrjy^^' b 
SI 0 01ifi^^^^t:>tlh. 

[00 56] hzLxm^^Kfz^^mw^^mmm 
^isti-0x.f\\i^ GaNs^i 0 0 i<r>mmiznmMM 

lQ08ifimM^iX. Mg TpMGaNny:^'^ h 

a 1 0 0 7 ij,z\ivwmt^m& i o o 9 > ps«ffi 1 
oiotmm^ti^. m.mz^ ^:x.j\^^mT^-^y't.z 

[00 57] :L(r>i.ots:mm(r>mm5crMMzX'oXn 

i^tifz LED mi^xu , mjjmcomii 3 . 0 v t 2 

OmA(7)afl:tft®t-i5V iT5Btt-^ig;S*M 7 0 nm 
<50»-fe-Ca5 D . SBeaiSJ{44mWTS.'>f^„ t/i. 5- 
2 OmAcr,mMm^i<:r>mBMztHf^^~:?mMcr>zy 
y h«fiH«41 nmlilTT-^feO. |h1— '>x-'N;{)^A>#A,n.;^c 

micom^mzioi-ft\^-i:^m:M:<7M)mmi±3 nm&. 

rxh-ofz. s^tc, s?a-c-to2 omAsoiiMjimT-x 

ht:i5(t'S.IBt*^c03f^{d:2 5 0 0 O^rai-jlit'fe-o 

[0058] mjj. ^yr^rmmiLizmm^tirzzb 
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m,m.m^x'h -> x ^crmmz n mmm^mm-^ <r t 
ti^T^ -^cox. mmm 1 cnt^-^ t mmiz . y^hvv 

i^'yy 4 t Vy^J:.y-f'y^'cr>^mi:mmLX^»miz 

t,Z}i\^Xlt. miJ\MiOmE3. 4 Vi:mt2 OmAcOT 
X?miiitlii2mWXh D . 5 — 2 0 m A<7)JIII:^riS]WI 

1 OOOOWf^fS^oJto 

[00 59] ^coid^xmmmm5ttmmtcr,tm. 

t^h. ^m.tLXGa.n^m\^hZh.\,zX^ . «^<7)5| 

[0060] G a nmW±/^cr> I n G a NS^O^^Rfiif 

fttCi£<il>^OT\ ^iOa«±tC?FMStl^ I nGaN 
^7^l*IWlS^BXPfi&f£«S its i t ti^X'^ !> . L^c^i' 
-pT, ^KiiLTGaNSrffl^^^SiiitiO, InGa 

GaNffi^iil 0 0 5i:m2«GaNffiaSl 0 0 6tC 

W^^%7tS^J*^ol^^I±t^-^ t . t fzm^mffyr=^-Mz 

*,Jt^>t, i<7)J:o^S&atCj:-3T, UlCOAlGaN 

^mmo^ummm^hhnmMibxh^'m^zmmi'k 

\,zts:-)fz. -t^^i^h. I nG a.nm^(7mm.\Z'&mxh 

htm%W^<Dmhm 1 OA 1 G a NffiaS 10 0 5 
WS§ >: A 1 vftB^BJ:b^ffi< -r -I. i t . |g 1 CO A 1 

GaN^^l 0 0 5£0±i!l#Ht:i3(tSW^mtO 

%2UMM \ 0 0 6t^y^ ^ hmi 0 0 T^O^^iT) 

^mx^fzbMx.(yiii,. 

[006 1 ] m^^tiiiimMmM 5 J; S G a nmu 

1t^S0*^ra£7)t°-^'Sft<7)(f^>O&3&>-*5jl/2tC. ^ 

tT*^^»^{i2. 5im.nz2m^tixi-^^. tfz. 
mmcofm 5 1 ^ l e Ds^coi&^is^ffiti. tmmiz 

[00 6 2]^rjo, mmcomMl'-4l,z}3\-^xii^yr 

:fiJt>6>\ mmcommi'-4iz^i-fhmMtLXGaNi 
m^^^^bt^zx-ox. mmc^mmsx-^^^tifz^^km 



mco^m'&n^'ibt^x^^. tfz. m^^^ti^GaN 
mR<om^mm^mmmtLx. {0001 }. {i- 

lOOK {II-20K {1-101} , tfzii 
{01-12! ^^■coJ;3^cffl^^^ffi^^!ft L<Mv>S 

^ t t^x^ . ^tihcr>m)im^io ± 2m.fz»-ftifzw^ 

[0063] 

[»0Jc^«!ja] tJLJi<7JJ;3tc. *^0JtcJ;:aK\ Wm 

mtm< x^^cD^im^i^mm^^^^ 0 i < 

[llfflt7)^^=3riJiBj] 

[0 1 ] ^^BHt^i ^mim^mi^mm^^mm^ 

[03] mmmm 1 izj:i,mim^i^^^^^ 

^^m^m^^mmmxhi. . 

[114 ] «»^^^iS^ffitC J; §a^t^?3¥»#:^«^ 

[ H 5 ] iji^comm!^^^mim^<^mm-fjmiz}5 ii-i> 
mm.i^cr,mrsmtcr,-&\^^^^y^yxh h . 

[06] AlGanmcomMaSL^h^flliZ-^^flhy^ 

[07] 3|s:%BHco^j4co?^s 2 J; hmim^w-^ 
itm^'k^-t^mtimmmxh h . 
[US] i^wmmmmm^^zxhmdmmm 
'imT^^-tm^wmmmxh h . 
[[19] im^mmMmm. A\<zxh mY.wmmk 
im'i-^^^-tmAms.mumxh h . 
[ H 1 0 ] im^<r)%m(mm 5 j; i-s-ftiit^^^: 

1 -^yr^TGmW^^ 2 A 1 NyN'>y7rJi, 3 
S i H— 7°nMGaN3:x:5'^' Mi, 4 SiH— 7°I 
no.4Gao.6N^;i, 5 m 1 c7)M g F-r pMA 1 
0. 2Gao.8NMflKih;i. 6 IS260Mg K-TpSG 
aN^^|5&jhJi. 7 Mg H— TpSGaNny^^' b 

Ji, 8 nffl^®^ 9 psyis^ttss, 10 psyfl: 

iffi, 4 1 -9-7 T^r Cffi^iK, 4 2 AlNys'-yy'r 
a, 4 3 S i K— TnSGaNrjy^'^' hii, 4 4 S 
i h'-ri no.iGao.gNSBW, 4 5 MgF-Tp 
ffiA lo.zGao.sN.^^Kikil, 4 6 MsK-TpS 
GaNnyrJ-^? hii, 4 7 nfflfllffi. 48 pSjS^ 
ttmffi. 4 9 pMM. 7 0 1 nMS i C»«. 7 
0 2 GaN^S'./ y-ril, 703 S i K— TnMGa 
NJi. 704 S i F— TnMA lo.iGao.gN^7-y 
HJI, 70 5 S i H-rnSi no.esGao.sgN^ 
7 06 ISlcOMgK-rpMA lo.2Gao.8NM 
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mj±m. 707 ^2i7)MgK-TpSA lo,iGa 
o.gN^^K&ihiB^^^^y KJB. 7 08 MgF-Tp 
MGaNil. 7 0 9 nM«S. 7 10 pMmit&M 
ffi. 7 1 1 pmVM. 80 1 nMS i emu. 8 0 
2 A 1 GaN>'S:^y:7ril. 8 0 3 S i TnMG 
aNS. 804 S i TnSA 1 0. iGao.gN^^^ 
V FJl. 8 0 5 Si F-TG a N3t;^?^-f FJl. 8 0 6 



Si: 20(7).'s:yrJS&#tf) c:D^S*^#FiS. 807 

m 1 g K-r pMA 1 0. 2 G a 0. g NM%ffi±«. 



808 ^2i?0Mg K-TGaNl 

809 MgK-TpMAlo 

810 Mg K-rpMGaNB 

ffi. 8 1 2 pMa^tttma. 8 1 3 



1 Gao.gN^?^ >y K 



8 1 1 nrnm 
pmmm. 90 



1 ^yr-frcffiS^. 902 AiNJ^^yyrm. 
903 S i K-TnMGaNriy:?^^ hS. 9 04S 

i ]<-Tl Ilo. o5Gao.95No.97ASo.03^**^ 9 0 

5 ffilc7^Mg K-rpMA 1 0. i5Gao.85N^^|5S± 
a. 9 06 ^2^0Mg F-rpMGaNm^E5ihJi. 
907 M^V—TpmGa.Nay^^hM. 908 

nMmffi. 9 0 9 pmmye'\¥m9. 910 pm« 

ffi. 1001 riMGaNS^K. 1 0 0 2 G a N^S'.y :7 
tM. 1 0 03 S i F— TnSGaNil. 10 04 

5 i F-n no.35C^ao.65N^3K«. 1 0 0 5 ^1 
cJOMgF-rpMA 1 o.iGao^gN^^l^giii. 100 

6 m2<7)Mg F-TpMGaN^^B5±M. 100 7 
MgF-rpMGaNn>^^^'FS. 1 008 nS« 

®. 1 0 0 9 pMig3Ktta;^. 10 10 pmvM. 
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8 0 6 
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8 0 1- 



8 0 8 ^ 
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^^^8 12 
' ^8 1 0 
809 

807 
^8 0 4 



^8 1 1 



(i2mm^ ST s# 

±mm±\mm\m^mm22m22^' 



F5^— 4G077 AA03 BEll BE15 DB08 ED06 
EF03 FE02 HA02 
5F041 AA03 CA34 CA40 CA49 CA57 

CA65 

5F045 AA04 AB17 AC19 AD12 AD13 
AD14 AF02 AF04 CA09 DA52 
EK27 GB05 

5F073 AA51 AA74 CA07 CB19 DA05 
EA28 



